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Highly	sensitive	gas	sensors	 for	detecting	tiny	amounts	of	 toxic	and	hazardous	gases	play	a	vital	role	 in	our	daily	 life	 for	public	safety,	 industrial	processes,	medical	diagnosis,	and	continuous	monitoring	of	environmental
pollution	[1,2].	To	date,	worldwide	effort	has	been	made	to	develop	reliable	gas	sensors	with	high	sensitivity	and	selectivity,	and	rapid	progress	has	been	achieved	driven	by	the	emerging	nanoscience	and	nanotechnology	[3–5].






























was	pre-patterned	with	 interdigital	Ag	electrodes.	The	 film	was	deposited	using	 layer-by-layer	spin	coating	method	 followed	by	 the	 ligand	exchange	 treatment	as	explained	below.	Briefly,	a	 few	drops	of	PbSe	CQDs	solution	were


















































































Materials T	(°C) NO2	(ppm) Response tres/trec	(s) Ref.
PbSe	CQD 25 50 22.3 7/39 This	work
PbS	film 38 100 ∼1.74 20/>1000 [38]
CdS	film 38 100 ∼1.61 50/720 [39]
SnS	crystals 25 1 ∼1.6 – [35]
SnS2	flakes 120 10 ∼36 ∼170/∼140 [40]
ZnSe	nanowire 25 5 3.34 ∼80/∼40 [29]















To	evaluate	 the	 long-term	stability	 of	 the	 sensor	 in	atmospheric	 conditions,	we	conducted	 the	 stability	measurement	of	PbSe	CQDs	 sensor	performed	over	a	period	of	20	days	under	 laboratory	 conditions	 (50	 ±	10	RH%,
25	±	1	°C).	The	sensor	were	relatively	stable	with	a	variation	of	about	14.8%	of	the	sensor	response	after	repeated	exposure	to	50	ppm	of	NO2	gas	for	20	days	(Fig.	10a),	which	might	due	to	the	air-stability	of	the	PbSe	CQDs	itself.	Then


























Impedance	spectroscopy	 is	a	powerful	 technique	 to	provide	 insight	 information	about	 interaction	between	sensor	 surface	and	 target	gases.	The	 impedance	spectra	of	Pb(NO3)2-treated	PbSe	CQDs	sensor	before	and	after










R0	(kΩ) R1	(MΩ) C1	(μF) R2	(MΩ) C2	(μF)
Unexposed 1 2.8 22 12.2 13






Taking	 together	 the	 above	 experimental	 observations,	we	 tried	 to	 depicted	 the	 energy	 band	 diagrams	 of	 PbSe	CQDs	 sensor	 before	NO2	 injection	 (air	 atmosphere),	 during	NO2	 injection	 (NO2	 atmosphere)	 and	 after	NO2
exhausted	(air	atmosphere)	in	Fig.	13,	and	these	have	been	used	to	discuss	the	gas-sensing	mechanism	and	kinetics	process	of	gas	adsorption	and	desorption	of	the	PbSe	CQDs	sensor	in	detail.	In	the	initial	stage	before	exposed	to	NO2,
oxygen	molecules	from	air	adhered	to	the	PbSe	CQDs	surface	and	captured	electrons,	forming	oxygen	species	in	the	O2−	form	at	room	temperature	[52,53]	and	an	acceptor-like	surface	state.	This	created	surface	state	allowed	the











In	 summary,	 small-size,	 high-quality	 and	 air-stable	 PbSe	 colloidal	 quantum	 dots	 were	 synthesized	 using	 a	 cation	 exchange	method	 that	 converts	 CdSe	 CQDs	 directly	 into	 PbSe	 CQDs	with	 in	 situ	 chloride	 and	 cadmium
passivation.	The	product	exhibited	near-spherical	 shape	with	an	extremely	 small	 size	of	2.87	nm.	Gas	 sensors	based	on	PbSe	CQDs	were	 successfully	 fabricated	 through	 spin-coating	at	 room	 temperature	 followed	with	Pb(NO3)2
treatment.	The	Pb(NO3)2-treated	PbSe	film	exhibited	p-type	semiconductor	characteristic	and	porous	surface	morphology	which	facilitated	gas	adsorption.	The	PbSe	CQDs	sensor	showed	high	sensitivity,	fast	response,	full	reversibility
and	superior	selectivity	 to	NO2	 gas	at	 room	 temperature.	Moreover,	 the	 sensor	performance	was	 relatively	 stable	 for	 repeated	 testing	of	20	days	under	atmospheric	pressure	with	a	 relative	humidity	 of	 (50	±	 10)%.	 The	 reliable
detection	of	NO2	make	PbSe	CQDs	attractive	candidate	for	fabrication	of	low-cost	and	high-performance	NO2	sensors	working	at	room	temperature.
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Highlights
• Small-size,	high-quality	and	air-stable	PbSe	CQDs	were	synthesized	by	a	cation	exchange	method	in	solution.
• Room	temperature	NO2	gas	sensors	based	on	PbSe	CQDs	have	been	demonstrated.
• The	long-term	stability	of	the	sensor	was	certified.
